Genetic diversity must be maintained and utilized for sustainable agriculture development. The amount of genetic diversity in the country depends on the number and diversity of the original ancestors involved in the creation of a germplasm pool, wild relatives and existing landraces. The objective of this research was to study the diversity of wheat gene pool present in the Nepalese bread wheat cultivars and landraces that could help for developing conservation and utilization strategy effectively. We examined the pedigrees of 35 Nepalese wheat cultivars and surveyed the literature for distribution of landraces and wild relatives of wheat. Cultivated landraces of spring and winter type, wild landraces and diploid species of wheat are found in Nepal. There are 35 improved wheat cultivars, 540 landraces and 10 wild relatives of wheat. Crosses between winter and spring wheat gene pools are far more common and offer a new source of diversity. Mexico, India and Nepal are the origin countries for 35 cultivars. In Nepal four cultivars were bred and developed using foreign landraces and maximum number of cultivars was developed in Mexico. Lerma 52, first improved cereal variety to be released in the history of cereal breeding in Nepal was released in 1960. A total of 89 ancestors originated in 22 different countries were used to develop these cultivars. Highest number of ancestors was from India. Ancestors of both aestivum and durum species having winter, spring and intermediate growth habit indicated the collection of wide gene pool. Most of the ancestors were aestivum (76.40%) and spring growth habit (57.31%). Modern varieties are replacing the landraces and improved old varieties resulted in the genetic erosion. Therefore, in situ, on farm and ex situ conservations are necessary for maintaining these genetic variations. Unutilization of local landraces in breeding program may be the major factor that causes to accelerate the genetic erosion. Gene pool from these landraces along with international gene pool could make towards success in developing high yielding cultivars with wide adaptability. In this study, cultivars and landraces surveyed represent a wide range of variation for different areas of origin and adaptation.
INTRODUCTION
Wheat has been growing since time immemorial particularly in Far and Mid Western hills of Nepal. Mudwari (1999) reported many landraces and 10 wild relatives of wheat in Nepal. It is the third most important crop after rice and maize in Nepal. During mid 1960s the yield potential of dwarf high yielding varieties initiated a scope for raising wheat production in the country. Several exotic varieties were obtained through CIMMYT and USAID (NARC 1997) . National Wheat Development Programme was established in 1972 to organize the research and development works on wheat as a commodity crop. Since then, there have been great achievement brought out by the consolidated efforts of wheat researchers, extension workers and farmers. So far there are 35 improved wheat cultivars and 90% of the wheat area is covered by modern wheat cultivars in Nepal (Bhatta et al 2000) . Currently wheat is mainly used for bread and biscuits and is becoming more important in Nepalese economy.
Genetic diversity is necessary to derive different transgenic segregants suitable for different agroecology to meet the needs of farmers. Both the potential for long term genetic gain and the reduction of genetic vulnerability may depend on the genetic diversity present in the genetic base. The amount of genetic diversity presents depends on the number and diversity of the original ancestors involved in the creation of a germplasm pool and existing landraces. The level of genetic variation present in gene pools of most important crops has been analyzed by studying the pedigree relationship between cultivars. Kinship coefficients estimation of cultivars of oat (Souza and Sorrells 1989) , soybean (Cox et al 1985a) , winter wheat (Cox et al 1985b) , rice (Dilday 1990 ) and barley (Martin et al 1991) has shown that a restricted number of ancestral genotypes account for a large proportion of the variation present in released cultivars. However Nepalese wheat cultivars possess great diversity because of using many ancestral genotypes to develop them (Joshi et al 2004) . Richness on wheat taking into account the ancestors of cultivars and landraces should be assessed for effective conservation and utilization of wheat gene pools. Therefore we have focused here on landraces and its distribution in Nepal and countries from where genes were introduced through improved lines in Nepal.
METHODOLOGY
Literature related to wheat exploration, improved cultivars and Nepalese landraces were reviewed. Two sites, National Wheat Research Program (NWRP), Bhairawa and Plant Genetic Resources (PGR) Unit, Khumaltar were visited. PGR Unit has collected many wheat landraces from different parts of Nepal. Based on collection data landraces distribution were indicated in Nepal map. Frequency of wheat accessions collected from different districts and conserved in PGR Unit were computed. We examined the pedigrees of all 35 cultivars. Altogether 35 cultivars had been released in Nepal from 1960 to 2001. Most of the cultivars were introduced either from CIMMYT, Mexico or India. The pedigrees of all bread wheat cultivars were traced back to their ancestors that had no known relationship each other. The source of pedigrees and release dates for cultivars were Jain (1994) , NARC (1997), Bland (2001) , Skovmand et al (1997) and Skovmand et al (2000) . Countries from where the genes introduced through the improved lines in Nepal were located in world map.
RESULTS AND DISCUSSION
The land in Nepal has the largest variations in altitude in the world. It lies between 26 o 22'N to 30 o 27'N and 80 o 4'E to 88 o 12'E. Elevation ranges from 60 to 8848m. Three types of land Bari (upland), Khet (lowland) and flat and fertile with good soil depths produce wheat indicating the diverse wheat genotypes adapted to different production environments. Wheat is grown as winter crop sown in October or November and harvested in March or April. It is also grown as a summer crop sown in April or May coming to fruition in September or October. Due to the varied agro-ecological diversity of the country, it is possible to plant same cultivar in both winter and summer season. Nepal is not original home for wheat but under the CGIAR system Nepal received a lot of wheat genotypes. In 1965, the Department of Agriculture launched a Grow more wheat campaign with the introduction of Mexican semi dwarf wheat resulted in a rapid expansion in wheat area and production.
Nepal is politically divided into five regions (Eastern, Central, Western, Mid Western and Far Western). Only two exploration missions have targeted wheat species in Western Nepal. Eighteen exploration programs were carried out in different parts of Nepal to collect different crops species. There are 63 landraces, which are differed by name and conserved in ABD (Table 1 ). These are collected from different altitude ranging from 720 to 3353 m. Farmer unit of description (FUD) is generally related to their phenotype and use value. FUD also indicates the level of diversity present in wheat gene pool. There may be many landraces that are genetically same but differed only by name or vise versa. These need to verify. ABD has 390 accessions of wheat landraces collected from all over the Nepal. These are conserved ex situ at medium term storage facility in Khumaltar, Kathmandu. Due to agro ecological differences Nepalese genotypes may contain unique genes. Dutch scientists who collected in around 1981, wheat in remote part of the Himalayan in Nepal has found material that is new and considerably different from germplasm already in gene bank anywhere in the world (Hawkes 1981) . These genes if conserved properly could be enough to fulfill wheat diversity demand for developing wheat cultivars for next century. Nepal has many locally adapted wheat but any one has not been used or improved for developing Nepalese wheat cultivars. Such trends lead to genetic erosion. NWRP has maintained 150 landraces and ABD has 390 accessions of wheat. There may be duplicate accessions in these two places. Removing duplicate accessions and adding new one should be made continuously. Characterization, evaluation and utilization of these landraces in breeding program by NWRP and ABD could certainly enhance the wheat genes pool conservation. Landraces are mostly found in Western regions and only few locations of Central and Eastern regions (Figure 1 ) in Nepal. It is still unanswered why these landraces get popularized in remote areas e.g. Western Nepal. There are many important landraces in Western region. Dabad Khani is most popular local wheat suited to maize based cropping pattern in Western region. This distribution pattern could help to locate diverse wheat areas and to implement in situ, on farm conservation and exploration program. This pattern suggests that there are diverse wheat landraces adapted to different environments.
ABD has representative wheat landraces from 29 out of total 75 districts of Nepal (Table 2) . Highest number of wheat accessions was collected from Dandeldhura (3.59% of total accessions) followed by Baitadi (3.33%), Bajura and Baglung. Dandeldhura, Baitadi, Bajura, Baglung and Achham may be the focal area in term of wheat landraces diversity. Due to the expansion of modern varieties these landraces are under threats of extinction. Extensive survey and duplication study of accessions could help to control genetic erosions and conservation cost. Many of these landraces are still grown by farmers and are the mixtures of white and brown coloured spike, amber and red coloured kernels, awned and awnless characters. These landraces have a wide range of natural adaptation to withstand varied abiotic and biotic conditions. In addition, these landraces have high tillering ability, withstand severe drought stress, have high protein content and longer seed dormancy. These are pure spring bread wheat types.
Some landraces with winter growth type have been reported in the northern high mountain area bordering Tibet, China. In addition to these, some diploid species have also been reported in the northern high mountains. Since these landraces are adapted to a small confined area, and wheat was considered a minor cereal until the middle of 20 th century, there was no attempt to improve these landraces or the production practices. These landraces are generally grown under marginal lands under rainfed and low fertility conditions. A total of 89 ancestors originated in 22 different countries were used to develop 35 cultivars (Table 4) . Mexico, India and Nepal are the origin countries for 35 cultivars. In Nepal four cultivars had been originated and maximum number of cultivars was originated in Mexico. Ancestors of both aestivum and durum species having winter, spring and intermediate growth habit indicated the collection of wide gene pool. Wheat genes from all regions of the world were introduced in Nepal through improved cultivars ( Figure  2 ). Maximum ancestors were from India followed by USA and Kenya. Thanks to CGIAR, India, USA, Kenya, Australia and Argentina. Involvement of ancestors from 22 countries indicates the introduction of genes adapted to different geographic locations. Even though contributions of Nepalese wheat landraces in the world is not known, world contribution is recognized in wheat development in Nepal. A single landrace of each of eight countries have been used in developing wheat cultivars probably because of having value genes with them. It can be concluded that breeders can develop best varieties by reshuffling the genes from these wide collections. Use of 89 ancestors from 22 different countries represent the great diversity in built in 35 Nepalese wheat cultivars. Ancestors were with different growth habit eg spring (57.31%) and winter (13.48%). There were 76.40% aestivum and 5.62% durum ancestors species. Such diversity in species, origin and growth habit in ancestors have certainly enriched Nepalese wheat biodiversity.
Despite high yielding attributes of improved cultivars compared to those of local types improved varieties were found to be susceptible to diseases and lodging (Shrestha 1976) . There are many examples of improved varieties gaining popularity within a short period of time but later become susceptible to biotic stresses. Such trend was not reported in landraces. In this study, cultivars surveyed represent a wide range of variation for different areas of origin and adaptation. This genetic diversity may be useful for further wheat improvement. The results of this study may help in the selection of the most diverse cultivars and greatly expand genetic variation for wheat improvement. Measurers of genetic diversity can be used to maximize the level of variation in segregating populations by intermating cultivars with greater genetic distance. Modern varieties are replacing the landraces and improved old varieties resulted in the genetic erosion. Therefore, in situ, on farm and ex situ conservations are necessary for maintaining the genetic variation in Nepalese wheat. Government, semi governmental and private agencies should take action to conserve and utilize wheat genetic variations present in Nepal. Nepal being proximal to the secondary source of origin of wheat, might harbor the wheat relatives in addition to the so far recorded one species of Aegiolopes and nine species of Agropyron. Since wild germplasm is a valuable source for improving bread wheat productivity and durability, explorations on those wild relatives are suggested followed by their proper characterization and utilization in the breeding program. Gene pool from cultivated landraces of spring and winter type, wild landraces and diploid species of wheat along with international gene pool could make to success in developing high yielding cultivars with wide adaptability.
